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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention generally relates to a motor-driven system. It particularly relates to a motor-driven system
for use in a motor-driven golf cart, a motor scooter, an electric automobile, and a robot carrier car; a motor-driven system
for use in index table driving, drum driving in a copying machine or the like; and a motor-driven system for use in a game
machine and so on.

[0002] Conventionally, as the electric motor of an electric automobile, a permanent magnet type brushless motor, or
a reluctance type brushless motor which does not use any permanent magnet has been used.

[0003] Further, as the motor for driving a transfer drum of a copying machine or for driving a drum of a laser beam
printer, an inner rotation type electric motor provided with a reduction gear has been used.

[0004] In the configuration of such a conventional motor-driven system as described above, however, there were
problems as follows.

(1) Since the electric motor had no inductors formed out of Magnetic teeth provided at the forward ends of the
respective main poles of the stator, the number of poles of the rotor was small so that the torque at a low speed
was small.

(2) In the case of performing direct driving without use of any reduction gear, it was necessary to make the number
of the poles of the rotor large, and, at that time, the number of the main poles of the stator (equal to the number of
slots) was large, the inner diameter of the stator was large and the motor per se was large in size.

(3) Even in the case of using a reduction gear, if the number of the poles of the rotor was small, the reduction gear
ratio was large.

(4) In the case of closed loop driving, there was a problem that the system was expensive and the torque at a low
speed was small, because the stator had no inductors and the driving was not of a 3-phase system which was
simple in driving and which was large in torque.

[0005] US 5,386,161 discloses a structure of a three-phase permanent magnet stepping motor in which vibration and
noise can be reduced and lowering of its output can be suppressed even in a high-pulse region. To this end, the motor
has a three-phase, six-pole, permanent magnet stator structure, and a rotor structure having alternately arrange N and
S poles the total number P of which is selected to satisfy the conditional equation of P = 12n=4 (n being a positive
integer). This is applicable to both in the inner-rotor and outer-rotor structures. Further, in both the cases of the inner-
and outer-rotor structures, the alternate arrangement of N and S magnetic poles of the rotor may be realized by an
arrangement using a two-poles magnetized permanent magnet constituted by a combination of two claw poles, in place
of the arrangement in which N and S magnetic poles are formed by directly magnetizing the outer or inner circumferential
surface of a cylindrical magnet.

[0006] US 4,658,312 discloses a disk storage device for receiving at least one storage disk provided with a central
opening. The disk drive is provided with an outer rotor type driving motor having a rotor casing mounted by means of a
shaft in a bearing system so as to rotate relative to a stator and receive the storage disk. The stator include magnetically
active parts. At least that part of the rotor casing receiving the storage disk is made from a non-ferromagnetic material
and carries the shaft either directly or by means of a hub. A shielf made from a ferromagnetic material is provided as
an inner part of the rotor casing. The shield envelopes the circumference and one end of the magnetically active parts
of the driving motor. The outer diameter of the rotor casing is smaller than the central opening of the storage disk.
[0007] FR2,598,047 discloses arotary electric motor, especially for a flat axial fan, which comprises a stator rotationally
interacting with an element with a permanently magnetised annular element carried by the rotor and surrounding the
stator, this permanently magnetised element being surrounded by an annular metal wall. The hub is made from plastic
moulded in a single part in the shape of a dish, the permanently magnetised annular element is made from plastic loaded
with magnetised particles, this element being securely fastened to the hub, and the annular metal wall is a metal bush
which surrounds the permanently magnetised annular element 3 and is securely fastened to the latter. The disclosure
is applicable to motors with dc current and electronic commutation.

[0008] WO91/03098 discloses a motor-wheel characterized in that the movable part or rotor is arranged about the
fixed part or stator and whereon is mounted a rim capable of receiving a conventional tyre or tread. The motor has two
free shaft ends which are used to couple the motor-wheel to the vehicle frame by means of a fork-like part, as well as
to introduce the supply cables to the inductive coils through a hole axially drilled in the free shaft ends. The magnetic
structure of the motor corresponds to the variable reluctance step-by-step motor of the Vernier type with a single magnetic
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circuit, being capable of advancing step-by-step continuously (normal running) or discretely for the precise positioning
of the vehicle, by supply successively and cyclically the inductive coils.

[0009] US 6,051,898 discloses a rotor composite type three-phase stepping motor having a stator consisting of two
stator elements each having 6n pieces of stator magnetic pole with Ns pieces of pole tooth formed on the tip end of each
stator magnetic pole, and a permanent magnet held by the two stator elements therebetween, a rotor of magnetic material
arranged so as to face to a periphery pf the rotor, and exciting windings wound around each stator magnetic pole of the
stator elements consisting of two sets of three-phase windings each wound around 3n pieces of stator magnetic pole
among the 6n pieces of stator magnetic pole. A mechanical degree angle formed between the adjacent magnetic poles
in the 3n pieces of magnetic pole with each set of three-phase winding is 60° m/n and a mechanical degree angle formed
between the 3n pieces of magnetic pole with each set of three-phase winding is (60° m/n-6s), where Nr is a number of
rotor pole teeth, each of n, m and Ns is an integer not less than 1, and 6s is a step angle of (30°/Nr)k, where k is an
integer number not less than 1.

[0010] US 4,837,493 discloses a system for driving a drum which includes a pulse motor including an annular rotor
fixedly mounted within the drum for rotation therewith and rotatable relative to a stator disposed within the rotor. The
pitches of the rotor teeth and stator teeth are determined in such a manner that a magnetic flux linking each of the coils
is changed in a sinusoidal fashion in synchronism with the rotation of the rotor. A pole position-detecting device produces
a multi-phase sinusoidal pole position-detecting signal representative of the position of the magnetic poles relative to
the rotor. A speed control device produces a current amplitude command signal representative of a desired torque of
the rotor. A multiplier multiplies the pole-position detecting signal by the current amplitude command signal to produce
a multiplication signal. A current control device is responsive to the multiplication signal to output to the coils a drive
current corresponding in amplitude to the current amplitude command signal and corresponding in phase to the pole-
position detecting signal, thereby energizing the coils to rotate the rotor together with the drum relative to the stator.
[0011] Itis desired to solve the above problems and to provide a motor-driven system having a stator provided with
inductors constituted by magnetic teeth at the forward ends of the respective main poles of the stator to thereby realize
an optimal driven system for an electric automobile, a robot carrier car, a drum of a copying machine or the like.
[0012] In order to achieve this, according to a first aspect of the present invention, there is provided a motor driven
system as set forth in claim 1.

[0013] Other aspects and embodiments of the present invention are set out in the dependent claims.

Fig. 1 is a front view showing a first embodiment of the motor-driven system according to the present invention;
Fig. 2 is a vertically sectioned side view of Fig. 1;

Fig. 3 is a perspective view showing the shape of another rotor,

Fig. 4 is a front view showing a comparative example of a motor-driven system ;

Fig. 5 is a vertically sectioned side view of Fig. 4;

Fig. 6A is a vertically sectioned side view showing a second embodiment of the motor-driven system according to
the present invention;

Fig. 6B is a radially sectioned view along a line of VIB-VIB in Fig. 6A;

Fig. 7A shows waveforms of respective phase currents as a fourth embodiment of the motor-driven system according
to the present invention;

Fig. 7B is vector diagrams showing states of the rotating magnetic field due to the respective phase currents shown
in Fig. 7A;

Fig. 8A shows waveforms of respective phase currents as a fifth embodiment of the motor-driven system according
to the present invention; and

Fig. 8B is vector diagrams showing states of the rotating magnetic field due to the respective phase currents shown
in Fig. 8A.

[0014] Hereunder, with reference to Figs. 1 through 5, Figs. 6A and 6B, Figs. 7A and 7B and Figs. 8A and 8B, first to
sixth embodiments of the motor-driven system having a stator provided with inductors (hereinafter simply referred to as

"the motor-driven system") according to the present invention will be described.

First Embodiment.

[0015] First, with reference to Figs. 1 through 3, the first embodiment of the motor-driven system according to the
present invention will be described. Incidentally, the motor-driven system in the first embodiment corresponds to Claim 1.
[0016] Fig. 1 is a front view of the first embodiment of the motor-driven system according to the present invention,
Fig. 2 is a vertically sectioned side view of Fig. 1, and Fig. 3 is a perspective view showing the shape of another rotor
which can be adapted to the first embodiment.

[0017] As shown in Fig. 1, the main configuration of a motor-driven system 10 of the first embodiment is constituted
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by an outer rotor type rotor 52 made of a permanent magnet having north (N) and south (S) magnetic poles formed
alternately on the inner circumferential portion, a stator 62 made of a magnetic substance, and an outer rotating body
50 such as a tire, a drum or the like.

[0018] The stator 62 has a plurality of main poles (twelve in Fig. 1) Al - C2 formed radially, and windings 61 wound
on the main poles Al - C2. The main poles of the stator 62 are disposed in opposition to the magnetic pole portion of
the rotor 52 through an air gap. Incidentally, the numerical number 64 designates a hollow fixed shaft.

[0019] In this case, as the number of pole pairs (number of N-S pairs) of the rotor 52 becomes large, generally, the
torque increases and the motor rotates smoothly at a low speed.

[0020] However, in order to increase the number of pole pairs of the rotor 52, it is necessary to increase the number
of main poles of the stator 62 correspondingly. This results in increase in the number of coils, complex configuration of
the motor and high cost. Accordingly, there is a limit in making such increase in the number of pole pairs as a matter of
course.

[0021] Inthe motor-driven system 10 of this embodiment, each of the main poles Al - C2 of the stator 62 is provided
with an inductor constituted by a plurality of magnetic teeth formed at the forward end of the main pole, as shown in Fig.
1. That is, the inductors formed at the forward ends of the respective main poles Al - C2 are made to be in opposition
to the magnetic poles of the rotor 52.

[0022] Incidentally, in Fig. 1, the reference numeral 51 designates a magnetic back yoke for the outer rotor type rotor
52. It is desirable to provide such a magnetic back yoke 51 to make the magnetic path sure.

[0023] In Fig. 2, the reference numeral 64 designates a fixed shaft; 65, bearings; and 66 and 67, brackets provided
on the opposite sides of the motor.

[0024] Although the rotor 52 has a configuration of a permanent magnet type rotor constituted by a ring-like integral
magnet as shown in Fig. 1, the rotor 52 is not limited to such a configuration within the scope of the appended claims.
[0025] As a comparative example, as shown in Fig. 3, the rotor 52 may have a configuration of a special hybrid type
rotor (hereinafter referred to as a "HB-type rotor") in which two rotor magnetic poles 54 formed from claw-pole-like
magnetic substances respectively are used so that a permanent magnet 53 magnetized in two poles in the axial direction
is sandwiched by the two rotor magnetic poles 54.

Comparative example

[0026] Next, with reference to Figs . 4 and 5, a comparative example of a motor-driven system will be described.
[0027] Fig. 4 is a front view showing a comparative example of a motor-driven system, and Fig. 5 is a vertically
sectioned side view of Fig. 4.

[0028] Incidentally, in Figs. 4 and 5, one and the same reference number is attached to a constituent part common to
each other. Further, constituent parts in Figs. 4 and 5 the same as or similar to those in Figs. 1 to 3 are referenced
correspondingly. Accordingly, repeated description can be avoided.

[0029] The motor-driven system 12 in this comparative example shows the case where the rotor 60 has teeth of a
magnetic substance as shown in Fig. 4, and the rotor 60 is made to be in opposition to the stator 62 in the same manner
as that shown in Fig. 1.

[0030] In this case, the rotor 60 is not magnetized into multiple poles so that the resolution can be made larger than
that in Fig. 1. In this case, however, the field is not a permanent magnet field, there is a defect that the generated torque
is apt to be non-linear relative to the exciting current. Thus, the rotor 60 has a difficulty in controllability.

[0031] However, on the other hand, low cost and so on is the merit of the rotor 60.

[0032] The rotational electric machine to be used in each of the motor-driven systems 10 and 12 shown in Figs. 1 to
5 is of a 3-phase type.

[0033] The connection of the 3-phase type machine is realized by star-connection or delta-connection so that 3-
terminal driving can be performed to make the driving simple in comparison with any other phase structure.

[0034] Further, in this 3-phase type rotational electric machine, it is possible to obtain smooth rotation which is not
affected by a third harmonic contained in the magnetic field or current. Accordingly, it can be said that the 3-phase type
rotational electric machine is an actuator adapted for an electric automobile, or the like.

Second Embodiment

[0035] Next, with reference to Figs. 6A and 6B, a second embodiment of the motor-driven system according to the
present invention will be described.

[0036] Figs. 6A and 6B show the configuration of a motor-driven system 14 of the second Embodiment. Specifically,
Fig. 6A is a vertically sectioned side view of the second embodiment of the motor-driven system 14, and Fig. 6B is a
radially sectioned view along a line of VIB-VIB in Fig. 6A.

[0037] Incidentally, Figs. 6A and 6B, one and the same reference number is attached to a constituent part common
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to each other. Further, constituent parts used in Figs. 6A and 6B and the same as or similar to those in Figs. 1 through
5 are referenced correspondingly. Accordingly, repeated description can be avoided.

[0038] A planet gear type reduction gear or a harmonic reduction gear 20, which is arranged concentrically with an
input side rotary shaft 22 and performs reduction gear and output, is mounted on the outer circumference or side surface
of the rotor of the rotational electric machine 21 as an outer rotor type electric motor. Internal constituent parts to be
used in the motor-driven system 14 of this embodiment are omitted in illustration here.

[0039] Here, in the motor-driven system 14 shown in Fig. 6A, the reduction gear 20 is mounted on a side surface and
the outer rotating body 50 is mounted on the output outer circumference or the like of the reduction gear 20.

[0040] In this case, though the structure of the motor-driven system 14 becomes complex in comparison with a single
motor, large torque can be obtained in the motor-driven system 14 according to the present invention.

[0041] Incidentally, Figs. 6A and 6B show the configuration of the planet reduction gear as the reduction gear 20. In
this case, the planet reduction gear 20 is constituted by an internally toothed gear 23, planet gears 24 and a sun gear
25 which is connected to the rotary shaft 22.

[0042] By providing the planet reduction gear or the harmonic reduction gear 20 which is arranged coaxially with the
rotational electric machine 21, it is possible to form a motor-driven system compact in size and large in torque. In this
case, the load inertia in the terms of the motor shaft becomes small.

[0043] Incidentally, in this case, the reduction gear ratio may be about 1/25 relative to that of a conventional motor.
[0044] This is because the number of poles in the conventional motor which has been used in these applications is 4
(four) on the average, while the number of poles in the motor used in the motor-driven system according to the present
invention is 100 on the average.

[0045] Further, since the reduction gear 20 is of a concentric type, the reduction gear 20 can be made compact in
comparison with that of a general eccentric type.

[0046] Assume that the number of pairs of the magnetic poles of the rotor of the motor is represented by P, the density
of magnetic flux in the gap is represented by B, the number of turns in the coil of windings is represented by n, the current
is represented by |, the generated torque is represented by T, the electric angular velocity of the rotor is represented by
w, and the mechanical angular velocity of the rotor is represented by wy,, then the two expressions are established as
follows.

w,=w /P —)

[0047] From these expressions, it can be understood that the torque T becomes large in proportion to the number of
pole pairs P and that the mechanical angular velocity w,, of the rotor becomes smaller as the number of pole pairs P
becomes larger.

[0048] That is, the motor to be used in this embodiment is a low-speed and large-torque motor.

[0049] This feature is a characteristic adapted for an electric automobile or the like.

[0050] This is because the electric automobile requires large torque at start-up but it requires smaller torque as the
speed becomes high.

[0051] However, there may be a case where a motor requires large torque even at a high speed. Two driving techniques
of the motor-driven system according to the present invention suited to such a case will be described as follows.
[0052] Incidentally, the motors stated in Claim 1 is of an outer rotor type which is suited to an outer rotor wheel-in-
motor. However, the following two driving techniques are, of course, applicable to a motor of an inner rotor type so long
as the motor has multi-poles and provided with inductors.

[0053] Of the various configurations of motors, there is a 3-phase HB type rotational electric machine in which a HB
type rotor is used. In the HB type rotor, two gear-like bodies each made of a magnetic substance with teeth the number
of which is P are disposed in opposition to each other while they are displaced by 1/2 pitch from each other so that the
two gear-like bodies hold an axially magnetized permanent magnet therebetween. Such a 3-phase HB type rotational
electric machine can be made to function as an actuator which can be driven by star or delta connection, and which can
obtain high resolution so as to obtain excellent cost performance.

[0054] Inthis case, if the number of teeth of the rotor is represented by P, a 3-phase HB type rotational electric machine
is established under the condition that P=k(6n=*1).

[0055] Provided that, in the case of the above expression, 2k is the number of main poles of the stator for each phase
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and each of k and n is an integer not smaller than 1.

[0056] For example, in a case of a 12-slot stator with m=4, a step angle is 0.6° in a stepping motor with n=8 and
P=100. Further, in a case of a 6-slot stator with m=2, a step angle is 1.2° in a stepping motor with n=8 and P=50.
[0057] In this case, the current | in the expression (1) is as follows.

I =V / (Pw,L) (3)

[0058] When the value of wy, is large, in order to make the current | large, it is necessary to make the applied voltage
V large. Incidentally, L designates inductance.

[0059] To this end, a high frequency current is generated from a battery voltage by bidirectional PWM chopping or
the like and this high frequency current is stepped up by a transformer or the like and applied. At a low speed operation,
a low-frequency current is generated by PWM chopping so that, on the contrary, the voltage of the battery is stepped
down and the lowered voltage is used to perform driving. Thus, nearly optimum driving can be obtained.

[0060] Further, the following expression (4) is established.

T = (BEI) / Wy e (8)

[0061] Here, E designates a motional electromotive force.

[0062] Atthistime, paricularly when driving is performed with open loop, the phases of the E and | become important.
[0063] Generally, at the low or intermediate speed, the phases of the E and | are different from each other and the
efficiency is not good, but at the high speed, the phases of the E and | are become identical with each other and the
efficiency becomes good.

[0064] Accordingly, for example, if a phase-locked loop control (PLL control) in which the phase of the rotor and the
phase of the current are made fixed is performed, the above problem can be solved. The driving controls correspond to
Claims 4 and 5 respectively.

Third Embodiment

[0065] There is provided a 3-phase permanent magnet type rotational electric machine with inductors provided at
forward ends of the respective stator main poles. The rotational electric machine is particularly useful when the number
of the stator main poles for each phase is selected to be 3 (in the case where m=1) and 6 (in the case where m=2). In
this case, if P=k(6n+1) is established, a 3-phase rotational electric machine can be configured to be large in the output
torque in comparison with a 2-phase or 5-phase machine. Here, 2k designates the number of stator main poles for each
phase. Further, each of k and n is an integer not smaller than 1.

[0066] That is, in this meaning, that which is disclosed in the third embodiment is a technique which is applicable to
a rotational electric machine according to any one of Claims 1 and 2; or as a comparative example to a rotational electric
machine which is obtained by changing an outer rotor type rotational electric machine according to Claim 1 into an inner
rotor type; or a 3-phase rotational electric machine of an outer or inner rotor type having main poles the number of which
is 6k with 3-phase windings, the rotor being of a HB type in which the number of rotor teeth is P or being of a cylindrical
type in which the number of rotor poles is 2P and the cylindrical rotor is magnetized into north (N) and south (S) magnetic
poles alternately.

[0067] From this point of view, if the motor of this embodiment is subjected to closed loop control, the output can be
made larger so that the motor-driven system of this embodiment has a function as an actuator which is optimum for
starting up a load or for preventing step out.

[0068] Thus, that which is disclosed in this third embodiment shows specific means which is necessary for realizing
that which is stated in claim 1 above. That is, by knowing the current position of the rotor, current is made to flow in the
coil of the windings so that a certain angle from the rotor is made to be fixed.

[0069] That is, the motional electromotive force E is shown as E=d@/dt with respect to the rotor magnetic flux @.
Accordingly, the phase is delayed by 90°

[0070] Thus, if the positional information of the rotor is detected, the phase of E is known and it becomes possible to
control the timing for making the current | flow to result in the maximum value of El. That is, it is possible to control the
phase of current.
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Fourth and Fifth Embodiments

[0071] Next, the fourth and fifth embodiments of the present invention will be described with reference to Figs. 7A and
7B and Figs. 8A and 8B, respectively.

[0072] If a 3-phase stepping motor which is excellent in efficiency and which shows torque larger than that in a 2-
phase or 5-phase machine is subjected to lead angle control, it is possible to obtain a motor-driven system having a
function as an actuator which is excellent in torque property and small in vibration and noise, compared with that of the
2-phase machine or the like.

[0073] Fig. 7A shows a current sequence diagram of respective phase currents ia, ib and ic of 2-phase excitation due
to 120° current conduction of a 3-phase machine.

[0074] Fig. 7B shows vector diagrams of the rotating magnetic field F respectively when these currents ia, ib and ic
are made to flow in a 3-phase machine at timings ty, t,, t3 of Fig. 7A.

[0075] That is, the rotating magnetic field F moves by 60° from t; to t,, and further by 60° from t, to t3. Thus, the
rotating magnetic field F skips by 60° every time.

[0076] R designates the magnetic pole position of the rotor and it is possible to show the torque T as follows.

T = kFRsinYy

[0077] Here, kis a constant, y designates a phase angle between the rotating magnetic field F and the magnetic pole
position R of the rotor.

[0078] Accordingly, the torque T can be made maximum at y =90°. However, in a case of rectangular current of 120°
current conduction as shown in Fig. 7A, as described above, the rotating magnetic field F cannot take any optional
position but skips by 60° every time so that there may occur a situation that the phase angle y cannot take 90° according
to the position of the rotor to thereby lower the torque, generate large vibration, etc.

[0079] Onthe contrary, if microstep in which the current is highly divided into many parts is employed, the phase angle
y can be made near 90°. As an extreme case of the highly divided microstep, the current waveform becomes a 3-phase
balanced sinusoidal AC current as shown in Fig. 8A.

[0080] Fig. 8B shows the rotating magnetic field F in this case at the points of time ty, t,, ...... t;. In this case, the vector
of the rotating magnetic field F can continuously take any optional position, but not skip by 60° like the case described
in Fig. 8B.

[0081] Thatis, as shown in Fig. 8A, in optional points of time t; and t,, the rotating magnetic field F can take optional
positions continuously correspondingly to a change in the current. Accordingly, the phase angle y can be retained at 90°
at all times. On the contrary, it will do to make a current flow such that the rotating magnetic field F having the phase
angle y as 90° at all times is generated. Accordingly, it will do to detect the current position of the rotor R by a suitable
sensor or the like so as to give such a current that gives the rotating magnetic field F with a lead angle of y degrees.
[0082] Accordingly, preferably, the current is made to have a waveform of 3-phase sinusoidal wave or a microstep.
[0083] Incidentally, with respect to the number of main poles in the fifth embodiment, similarly to the case of the fourth
embodiment, this technique can be applied to a rotational electric machine according to any one of Claims 1 and 2; or
as a comparative example to a rotational electric machine which is obtained by changing an outer rotor type rotational
electric machine according to Claim 1 or 2 into an inner rotor type; or a 3-phase rotational electric machine of an outer
or inner rotor type having main poles the number of which is 3m or 6k with 3-phase windings, the rotor being of a HB
type in which the number of rotor teeth is P or being of a cylindrical type in which the number of rotor poles is 2P and
the cylindrical rotor is magnetized into north (N) and south (S) magnetic poles alternately.

Sixth Embodiment

[0084] Next, the sixth embodiment of the present invention will be described.

[0085] In a 3-phase permanent magnet type stepping motor, as described with reference to Fig. 7B, a step angle is
an electric angle of 60°.

[0086] Further, in the range where the load angle yis not larger than 90°, torque which is always attracted to the axis
of the rotating magnetic field F acts normally and it is preferable in economical point to make the motor be an open loop
stepping motor. The motor operates as an stable actuator in which no vibration or the like is generated at the time of
standstill.

[0087] However, if the load increases so that the load angle y exceeds 90°, the motor becomes apt to generate
synchronous step out.

[0088] In this case, if motor is made to be a closed loop brushless motor and the current is controlled so that the load
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angle y takes 90°, it is possible to obtain a motor-driven system having a function as an actuator which operates as a
multipole brushless motor and which is stable and causes no step-out.

[0089] The presentinvention is notlimited to those embodiments described above but can be modified variously within
the scope of the above-mentioned technical thought of the present invention.

[0090] Incidentally, as the positional information sensor for detecting the rotor of a 3-phase motor with inductors
according to the present invention, an optical encoder or a resolver system in which a change of inductance is converted
into a change of voltage or the like may be used.

[0091] By making the configuration as any one of those embodiments described above, the motor-driven system
having the stator provided with inductors according to the present invention has excellent effects as follows.

(1) The configuration stated in Claim 1 shows the following effects.

(i) With the configuration that each main pole of the stator is provided with an inductor constituted by a plurality
of magnetic teeth, the number of poles of the rotor can be made large so that low-speed and large-torque driving
can be performed.

(ii) Because of the outer rotor type configuration, the rotor outside portion or the like can be fitted to an inside
or a side portion of a wheel or a drum, so that the system can be made compact.

(iif) The magnetic poles of the outer rotor type permanent magnet rotor can be formed by magnetization so that
the magnetic field flux can be distributed sinusoidally to thereby bring about low vibration.

(2) Besides the above-mentioned effects (1) (i)-(ii), in a configuration where the rotor has magnetic teeth formed on
the inner circumference thereof as described above under the heading comparative example, it is possible to make
the configuration simple and inexpensive.

(3) If a reduction gear is provided as stated above, it is possible to make the reduction gear small in reduction gear
ratio and compact in size.

(4) If the stator has a 3-phase winding structure as stated above, the motor is made to be a 3-phase machine so
that 3-terminal driving can be performed with star-connection or delta connection and the driving becomes simple.
Further, in the case of 3-phase machine, the machine is not affected by the magnetic field or the third harmonic of
the current so that the rotation of the motor is smooth.

(5) The applied voltage can be stepped up/down by chopping. Accordingly, if constant current driving is performed,
the motor can be made to start up at high-speed large torque driving and the voltage applied to the motor can be
changed in accordance with the speed. As a result, it is possible to perform high output and high efficient driving.
(6) If the phase of current is controlled with respect to the motional electromotive force of the rotational electric
machine as stated above, it is possible to perform driving with the optimum torque in accordance with the speed.
(7) If the configuration is made as stated in claim 1, by realizing this configuration in a 3-phase machine, it is possible
to provide an actuator which is excellent in efficiency with low vibration, compared with a conventional case (2-
phase machine).

(8) If the configuration is made as stated in embodiments 4 and 5 above, the excitation current waveform of the 3-
phase machine can be made to be not only rectangular waveform with 120°current conduction but also stepwise
waveform of microsteps or sinusoidal waveform. Accordingly, the degree of freedom in the value of lead angle y
increases, it is possible to realize y = 90°, and it is possible to further improve the efficiency.

(9) If the configuration is made as stated in the sixth embodiment, in accordance with the value of the angle v, it is
possible to make the machine operate as a 3-phase stepping motor or as a 3-phase brushless motor. Accordingly,
in accordance with the load, it is possible to cope with the load by an optimum kind of motor by making the motor
operate as a 3-phase stepping motor or a 3-phase brushless motor. Thus, convenience in use, improvement in
general characteristic of a motor suited for the load, and improvement in economical point can be obtained.

Claims
1. A motor driven system (10) comprising:
a rotational electric machine comprising:
a stator (62) having an annular magnetic substance, main poles (A1-C2) provided so as to extend radially
outward from said magnetic substance, windings (61) wound on said main poles (A1-C2) respectively, and

inductors each constituted by a plurality of magnetic teeth formed at a forward end of corresponding one
of said main poles (A1-C2); and
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an outer rotor cylindrical type permanent magnet rotor (52) having north (N) and south (S) magnetic poles
arranged alternately on an inner circumference of said rotor (52) and in a rotating direction of said rotor,
said stator (62) and said rotor (52) being in opposition to each other while an air gap is held therebetween;
characterized in that

said stator (62) has main poles (A1-C2) the number of which is 6k with 3-phase windings, the number of
rotor poles is 2P, and P=k(6n=1), in which 2k is the number of main poles of the stator for each phase and
each of k and n is an integer not smaller than 1; further characterized in that

an outer rotating body (50) such as a tire, a drum, a table or the like is mounted on an outer circumferential
portion or on a side portion of said rotor (52) ; and in that

positional information of said rotor (52) is obtained to thereby obtain timing of excitation of windings (61).

2. The motor driven system (10, 12) according to Claim 1, wherein a voltage of a battery to be applied to said rotational
electric machine is stepped up/down by chopping.

3. Themotor driven system (10, 12) according to Claim 1, wherein a phase of current relative to amotional electromotive
force of said rotational electric machine is controlled.

4. The motor driven system (10, 12) according to Claim 1 wherein an axis of rotatingmagnetic field is excited by 3
phase AC current excitation, microstep excitation, or full step excitation, which is advanced by y degrees with respect
to a shaft of said rotor at a present position.

5. Themotordriven system according to Claim 4, wherein the value of yis equal to 90° (y=90°) in terms of electrical angle.

6. The motor driven system according to Claim 4, wherein when the value of yis in a range of 0° <y = 90°, said motor
is driven as an open loop stepping motor, or wherein when y > 90°, said motor is driven as a closed loop brushless
motor.

Patentanspriiche
1. Motorisch angetriebenes System (10), umfassend:
eine rotierende elektrische Maschine, umfassend:

einen Stator (62) mit einer ringférmigen Magnetsubstanz, Hauptpolen (A1-C2), die so bereitgestellt sind,
dass sie sich von der Magnetsubstanz aus radial nach auf3en erstrecken, Wicklungen (61), die auf die
jeweiligen Hauptpole (A1-C2) gewickelt sind, und Induktoren, die jeweils aus einer Vielzahl an Magnetzéh-
nen an einem vorderen Ende des entsprechenden der Hauptpole (A1-C2) ausgebildet sind; und

einen zylinderférmigen Permanentmagnetrotor vom AulRenrotortyp (52), der Nord-(N-) und Sud- (S-) Ma-
gnetpole aufweist, die abwechselnd auf einem Innenumfang des Rotors (52) und in Drehrichtung des Rotors
angeordnet sind, wobei der Stator (62) und der Rotor (52) einander gegenuberliegen wéhrend zwischen
ihnen ein Luftspalt besteht; dadurch gekennzeichnet, dass

der Stator (62) Hauptpole (A1-C2) aufweist, wobei die Anzahl 6k mit 3-Phasenwicklungen betragt, die
Anzahl der Rotorpole 2P ist, wobei P=k(6n+1) ist, worin 2k die Anzahl der Hauptpole des Stators fir jede
Phaseistund k und n jeweils eine ganze Zahl von nicht weniger als 1 sind; ferner dadurch gekennzeichnet,
dass

ein rotierender Au3enkorper (50), wie z.B. ein Reifen, eine Trommel, ein Tisch oder dergleichen, auf einem
AuRenumfangsabschnitt oder einem Seitenabschnitt des Rotors (52) befestigt ist; und dass

die Information Uber die Position des Rotors (52) erhalten wird, um dadurch die Zeitsteuerung fir die
Anregung der Wicklungen (61) zu erhalten.

2. Motorisch angetriebenes System (10, 12) nach Anspruch 1, worin die Spannung einer an die rotierende elektrische
Maschine anzulegenden Batterie durch Zerhacken aufwérts oder abwarts gewandelt wird.

3. Motorisch angetriebenes System (10, 12) nach Anspruch 1, worin eine Phase des Stroms in Bezug auf eine elek-
tromotorische Bewegungskraft der rotierenden elektrischen Maschine gesteuert ist.

4. Motorisch angetriebenes System (10, 12) nach Anspruch 1, worin eine Achse des rotierenden Magnetfelds durch
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3-Phasen-Wechselstrom-Anregung, Mikroschrittanregung oder Vollschrittanregung angetrieben wird, welche in Be-
zug auf eine Welle des Rotors an einer augenblicklichen Position um y-Grad vorgeschoben wird.

Motorisch angetriebenes System nach Anspruch 4, worin der Wert von y - dargestellt als elektrischer Winkel - 90°
(y=90°) ist.

Motorisch angetriebenes System nach Anspruch 4, worin, wenn der Wert von y im Bereich von 0° < y < 90° liegt,
der Motor als Schrittmotor mit offenem Regelkreis betrieben wird oder worin, wenn y > 90° ist, der Motor als bdr-
stenloser Motor mit geschlossenem Regelkreis betrieben wird.

Revendications

1.

Systéme actionné par moteur (10) comprenant :
une machine électrique de rotation comprenant :

un stator (62) ayant une substance magnétique annulaire, des p6les principaux (A1-C2) réalisés de maniére
a s'étendre radialement vers I'extérieur a partir de ladite substance magnétique, des enroulements (61)
enroulés sur lesdits pdles principaux (A1-C2) respectivement, et des inducteurs chacun formé par une
pluralité de dents magnétiques formées a une extrémité avant d’un desdits pdles principaux correspondants
(A1-C2); et

un rotor (52) a aimants permanents du type a rotor extérieur cylindrique ayant des p6les magnétiques nord
(N) et sud (S) agencés en alternance sur une circonférence intérieure dudit rotor (52) et dans une direction
de rotation dudit rotor, ledit stator (62) et ledit rotor (52) étant opposés I'un a I'autre tandis qu’un entrefer
est conservé entre eux ; caractérisé en ce que

ledit stator (62) présente des pdles principaux (A1-C2) dont le nombre est 6k avec des enroulements a 3
phases, le nombre de pdles de rotor est de 2P et P=k (6n+1) ou 2k est le nombre de pdles principaux du
stator pour chaque phase, et chacun de k et de n est un entier non inférieur a 1 ; caractérisé en outre en
ce que

un corps tournant extérieur (50) comme un bandage, un tambour, une table ou analogue est monté sur
une portion circonférentielle extérieure ou sur une portion latérale dudit rotor (52) ; et en ce que

des informations de position dudit rotor (52) sont obtenues pour obtenir ainsi I'instant de I'excitation des
enroulements (61).

Systéme actionné par moteur (10, 12) selon la revendication 1, ou une torsion d’'une batterie a appliquer a ladite
machine électrique de rotation est diminuée/augmentée par hachage.

Systéme actionné par moteur (10, 12) selon la revendication 1, ou une phase d'un courant relativement a une force
électromotrice de mouvement de ladite machine électrique de rotation est commandée.

Systéme actionné par moteur (10, 12) selon la revendication 1, ou un axe d’'un champ magnétique de rotation est
excité par une excitation par un courant CA triphasée, une excitation micro-pas ou une excitation a pas plein qui
est avancée selon y degrés par rapport a un arbre dudit rotor a une position présente.

Systéme actionné par moteur selon la revendication 4, ou la valeur de y est égale a 90° (y = 90°) en termes d’'angle
électrique.

Systéme actionné par moteur selon la revendication 4, ou lorsque la valeur de y se situe dans la plage de 0° <y =

90°, ledit moteur est entrainé comme un moteur pas a pas a boucle ouverte, ou bien lorsque y > 90°, ledit moteur
est entrailné comme un moteur sans balais a boucle fermée.
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